Background Laparoscopic distal gastrectomy (LDG) is an established procedure for the treatment of early gastric cancer. Roux-en-Y (R-Y) or Billroth-I (B-I) reconstruction is generally performed after LDG in Japan. The aim of this retrospective cohort study was to compare the effectiveness of R-Y and B-I reconstructions and thereby determine which has better clinical outcomes. Methods We analyzed data from 172 patients with gastric cancer who underwent LDG. Reconstruction was done by R-Y in 83 patients and B-I in 89. All patients were followed up for 5 years. Evaluated variables included symptoms, nutritional status, endoscopic findings, gallstone formation, and later gastrointestinal complications. Results Scores for the amount of residue in the gastric stump, remnant gastritis, and bile reflux, calculated according to the ''residue, gastritis, bile'' scoring system, were significantly lower in the R-Y group (score 0 vs. 1 and more; p = 0.027, \0.001, and \0.001, respectively). The proportion of patients with reflux esophagitis was significantly lower in the R-Y group (p \ 0.001). Relative values (postoperative 5 years/preoperative) for body weight, serum albumin level, and total cholesterol level were similar in the two groups (p = 0.59, 0.56, and 0.34, respectively). Gallstone formation did not differ between the groups (p = 0.57). As for later complications, the incidence of gastrointestinal ulcer was 4.5 % in the B-I group, and that of ileus was 3.6 % in the R-Y group, but differences between the groups were not significant (p = 0.12, 0.11, respectively). Conclusions As compared with B-I, R-Y was associated with lower long-term incidences of both bile reflux into the gastric remnant and reflux esophagitis.
Introduction
Laparoscopic distal gastrectomy (LDG) is now an established minimally invasive procedure for the treatment of gastric cancer. Two clinical studies have reported on the safety of LDG in patients with early-stage gastric cancer [1, 2] . As compared with open distal gastrectomy (ODG), LDG has several important advantages, including less intraoperative blood loss, less postoperative pain, earlier postoperative recovery, and shorter hospital stay [3] [4] [5] [6] [7] . Billroth-I (B-I), Billroth-II (B-II), and Roux-en-Y (R-Y) procedures have been used for reconstruction after both LDG and ODG. However, after gastrectomy some patients have disorders such as malabsorption, dumping syndrome, reflux esophagitis, alkaline gastritis, and delayed gastric emptying [8] [9] [10] . Duodenogastric reflux has been recognized to be a major cause of clinical symptoms after gastrectomy [11] . Several clinical and experimental studies have shown that reflux of bile acids and pancreatic proteolytic enzymes can damage the gastric mucosa and promote the development of gastritis, gastric ulcer, reflux esophagitis, and esophageal and gastric cancer [12] [13] [14] . Previous studies have compared postoperative complications and disorders between B-I and R-Y after distal gastrectomy, and we reported that R-Y reconstruction had better short-term outcomes than B-I reconstruction [15] . However, long-term studies of disorders after LDG are scant. The aim of this retrospective cohort study was to compare long-term clinical results between B-I and R-Y to determine which procedure is better.
Methods
At least 5 years had elapsed since the date of radical LDG with lymphadenectomy in a total of 222 patients with a histopathologically confirmed diagnosis of gastric adenocarcinoma who underwent surgery in our hospital between January 1999 and August 2006. The following patients were excluded: 19 who underwent B-II reconstruction, 21 who died (including 10 who died of disease recurrence), 2 who were treated for recurrent disease, 1 who underwent pancreaticoduodenostomy for cancer of the ampulla of Vater, and 7 who were lost to follow up. Clinical data for up to 5 years after the operation were available for 172 patients, 89 who underwent B-I reconstruction and 83 who underwent R-Y reconstruction.
The procedure for LDG has been described previously [15] . The extent of lymph node dissection was decided according to tumor stage, classified according to the 13th version of the Japanese Gastric Cancer Classification [16] and the Treatment Guidelines of the Japanese Gastric Cancer Association [17] . The hepatic branches of the vagus nerve were preserved in all patients; the decision on whether to preserve the celiac branches of the vagus nerve was left up to the operator. Patients who underwent B-I reconstruction received a side-to-end gastroduodenostomy, generally performed extracorporeally with a circular stapler. R-Y reconstruction was performed with an isoperistaltic Roux limb (length 20-30 cm) divided 20-30 cm from the duodeno-jejunal flexure. Side-to-side gastrojejunostomy and side-to-side jejunojejunostomy were performed extracorporeally with a linear stapler. The Roux limb was brought up through the antecolic route. Between 1999 and 2003, B-I reconstruction was the main method used, and R-Y reconstruction was the main method used from 2004, when we modified the method for anastomosis.
Postoperative follow up included clinical, laboratory, and imaging (ultrasonography or computed tomography [CT]) examinations, performed every 6-12 months in patients with stage I disease and every 3-6 months in those with stage II or more advanced disease. After the operation, endoscopy was performed annually in most patients, but at 1, 3, and 5 years in some. Clinical symptoms, nutritional parameters, and the results of endoscopic examinations were compared between the R-Y group and B-I group 5 years after the operation. Clinical symptoms such as gastroesophageal reflux (e.g., heartburn, chest pain, regurgitation, and nausea) and dumping syndrome (e.g., palpitations, hot flush, perspiration, vertigo, abdominal pain, and hypoglycemia) were assessed by personal interviews with the patients. We confirmed whether antacid drugs were prescribed to treat gastroesophageal reflux. Endoscopic examinations were performed to evaluate the lower esophageal mucosa and gastric remnant stump and to assess the presence of bile and the amount of residue in the gastric stump. Endoscopic findings of the gastric remnant were evaluated according to the ''residue, gastritis, bile'' (RGB) classification system [18] . Signs and symptoms of gastroesophageal reflux disease were evaluated according to the modified Los Angeles classification system [19] . Body weight, serum albumin level, and serum total cholesterol level were measured as nutritional parameters, and the relative values (ratio of the postoperative value at 5 years to the preoperative value) were calculated. Abdominal ultrasonography or CT was performed to evaluate concurrent conditions such as gallstone formation and postoperative recurrence. In addition, we compared later gastrointestinal complications between the R-Y and B-I groups. ''Later complications'' in this study were defined as those that developed more than 1 month after the operation.
Statistical analysis
Categorical data were compared with the use of the v 2 test, Yates' correction, or Fisher's exact test, as appropriate. Other variables, such as serum albumin level and serum total cholesterol level, were compared with the use of the Mann-Whitney U-test. Values of p \ 0.05 were considered to indicate statistical significance. All analyses were performed with the statistical software package SPSS 17 (SPSS Japan, Tokyo, Japan).
Results
The characteristics of the patients are shown in Table 1 . Age, gender, and stage of gastric cancer were similar in the R-Y group and B-I group. The proportion of patients who underwent D1 ? a lymph node dissection was significantly lower and body mass index was significantly higher in the R-Y group (p = 0.010, p = 0.036, respectively). The rate of vagus nerve preservation (both the hepatic and celiac branches) was significantly lower in the R-Y group (59 %) than in the B-I group (84 %; p \ 0.001).
Clinical symptoms were assessed in all patients. Four patients (5 %) in the R-Y group and 10 (11 %) in the B-I group had symptoms of gastroesophageal reflux (p = 0.17). Dumping syndrome was diagnosed in 4 patients (5 %) in the R-Y group and 9 (10 %) in the B-I group (p = 0.25). The differences in the incidences of these symptoms did not differ significantly between the groups (Table 2 ).
Endoscopy findings were available for 159 patients (92 %). The RGB scores for the amount of residue (score 0 vs. 1 and more, p = 0.027), remnant gastritis (p \ 0.001), and bile reflux into the remnant stomach (p \ 0.001) were significantly lower in the R-Y group than in the B-I group (Table 3) . No patient in the R-Y group had reflux esophagitis of grade A or greater severity according to the modified LA classification. The proportion of patients with grade M or more severe reflux esophagitis was significantly lower in the R-Y group (34 vs. 70 %, p \ 0.001) ( Table 4) . Body weight data were available for 161 patients (94 %). Relative body weight did not differ between the R-Y and the B-I groups (p = 0.59). Laboratory data were available for 162 patients (94 %). Relative values of serum albumin and total cholesterol were similar in the two groups (p = 0.56, p = 0.34, respectively) ( Table 5 ).
Gallstones developed in 12 patients (17 %) in the R-Y group and 10 (12 %) in the B-I group, excluding patients who had had undergone cholecystectomy; this difference was not significant (p = 0.57). The incidence of gallstones also did not differ according to whether the celiac branch of the vagus nerve was preserved or removed (p = 0.46). 
R-Y Roux-en-Y, B-I Billroth-I, BMI body mass index There was also no difference in the incidence of gallstones according to the extent of lymph node dissection (p = 0.77) ( Table 6 ). Later gastrointestinal complications occurred in 4 patients (4.8 %) after R-Y and 6 (6.7 %) after B-I; this difference was not significant (p = 0.75). Gastrointestinal ulcers developed in 4 patients (4.5 %) in the B-I group, but not in any patients in the R-Y group. Ileus occurred in 3 patients (3.6 %) in the R-Y group, but not in any patients in the B-I group. One patient (1.2 %) in the R-Y group had bleeding from the jejunojejunostomy. One patient (1.1 %) in the B-I group who had undergone cholecystectomy had cholangitis without common bile duct stones. There were no significant differences in any complications between the two groups ( Table 7) .
Discussion
Our study suggests that the functional advantages of R-Y can continue for a prolonged period after LDG. Evaluation of long-term clinical outcomes demonstrated that patients who underwent R-Y reconstruction had less residue in, and less bile reflux into, the remnant stomach. Consequently, the incidence of gastritis or esophagitis on endoscopic examination was lower in the R-Y group than in the B-I group. We previously evaluated short-term outcomes after LDG and reported several advantages of R-Y over B-I, consistent with the results of the present study [15] . Previous studies of short-term outcomes have shown that R-Y reconstruction, compared with B-I, is associated with lower incidences of gastroesophageal reflux, bile reflux, and remnant gastritis on endoscopic examination [12, [20] [21] [22] . Gastroesophageal reflux, as assessed by dynamic scintiscan, is also less frequent after R-Y than after B-I [23] . In addition, bile reflux on bilirubin monitoring and biliary scintigraphy is mild after R-Y [12, 21] . Less gastroesophageal and duodenogastric reflux might underlie the lower incidence of symptoms after R-Y. In other studies [12, 21] , the proportions of patients with clinical symptoms caused by these types of reflux ranged from 0 to 17 % after R-Y, as compared with 12-63 % after B-I 3-6 months after operation. The incidence of heartburn was lower after R-Y (10 %) than after B-I (37 %) 1 year postoperatively in our previous study [15] . However, the incidence of reflux symptoms in the present study (R-Y 5 %; B-I 11 %) was lower than that in our previous study, although 70 % of the patients were the same. Another large survey of R-Y and B-I, after ODG, reported lower incidences of heartburn (0 and 6.4 %, respectively) and regurgitation (2.5 and 1.5 %, respectively) with R-Y at 5 years [24] . Medical therapy or improved diet may reduce reflux symptoms for several years after distal gastrectomy. Food residue was significantly less in the R-Y group in the present study, suggesting that R-Y may be associated with less discomfort after meals. However, we did not use internationally validated questionnaires, such as that recommended by the European Organisation for Research and Treatment of Cancer, to assess clinical symptoms [25] . Inadequate assessment of patients' symptoms was thus a limitation of our study. Further detailed questionnaire surveys are needed to establish whether R-Y decreases clinical symptoms. We assume that questionnaires such as the ''frequency scale for the symptoms of gastroesophageal reflux disease'' (FSSG) may be useful for evaluating the benefits of R-Y, which reduces reflux esophagitis [26] .
Nunobe et al. demonstrated that R-Y significantly increased gallstone formation as compared with B-I during long-term follow up after ODG (28.0 vs. 15.3 %, p = 0.005) [24] . On the other hand, Fukagawa et al. reported similar incidences of gallstone formation after R-Y (26.9 %) and B-I (24.0 %). Moreover, a greater extent of lymph node dissection was associated with a higher incidence of gallstones [27] . Similar results were obtained Albumin, mean ± SD 1.00 ± 0.08 1.00 ± 0.09 0.56
Total cholesterol, mean ± SD 0.91 ± 0.16 0.94 ± 0.15 0.34 in another study including patients who underwent open gastrectomy (D1 9.4 %; D2 17.8 %) [28] . Apart from the passage of food through the duodenum, destruction of the vagus nerve is also an important risk factor for gallstone formation [29] and such destruction was marked in patients who had undergone extensive lymph node dissection. In a previous study of long-term outcomes, including some patients who underwent pylorus-preserving gastrectomy [30] , the incidence of gallstones after ODG was substantially reduced (1.8 %) by preserving the vagus nerve. In the present study, the rate of gallstone formation was 14 %, although the hepatic branch of the vagus nerve was preserved in all patients and the celiac branch was preserved in most. In addition, D2 dissection did not increase the risk of gallstone formation. This apparent discrepancy may be explained by the following factors. Gallbladder function is regulated not only by the hepatic branches of the vagus nerve, but also by the retroperitoneal sympathetic and parasympathetic nerves [29] . When D1 ? a or D1 ? b lymph node dissection was performed in the present study, part of the nerve plexus along the common hepatic artery or the celiac artery might have been damaged by complete dissection of the No. 8a or No. 9 lymph nodes. Furthermore, ultrasonically activated devices were mainly used to perform lymph node dissection, and heat generated at the time of dissection might have injured the preserved nerves. No patient in the present study had symptomatic cholecystolithiasis or received treatment for gallstones. In contrast, a previous study reported that cholecystolithiasis developed in 27 % of patients with gallstones after open gastrectomy, and 46 % of these patients received surgical treatment [28] . The reconstruction method of choice after LDG remains controversial. B-I and R-Y procedures are the most widely used. Some reasons for favoring B-I may be its technical ease and the maintenance of digestive-system-related homeostasis and food flow into the duodenum. However, the passage of food through the duodenum may not be an important determinant of nutritional status after distal gastrectomy. Nutritional indexes such as serum albumin levels, serum total cholesterol levels, and body weight are similar after R-Y and B-I in the short term [15, 20] , as well as in the long term, as demonstrated by the present study. Consistent with the results of our previous study, these nutritional indexes were similar in the R-Y and B-I groups in the present study at 6 months, 1 year, and 5 years after the operation. The size of the remnant stomach was an important determinant of the quality of life after gastrectomy. In another study [31] , a larger remnant stomach after distal gastrectomy was associated with benefits such as less reflux esophagitis, more stable body weight, and better food intake in the B-I group. In patients with cancer arising in the lower third of the stomach, a larger remnant stomach can improve nutritional status and reduce symptoms [31] .
We did not accurately measure the size of the remnant stomach in our series, but the upper third of the stomach was preserved in most patients. The size of the remnant stomach was less than one half in all patients. In patients in whom tension on the gastrointestinal anastomosis was a concern, the remnant stomach was slightly larger than the upper-third portion. As for late gastrointestinal complications, ulcers developed only after B-I in the present study. Stomal ulcer is a concern in R-Y because of less alkaline bile reflux into the stomach, potentially leading to acidinduced jejunal injury [32] . However, to avoid excessive tension on the gastroduodenostomy, the size of the remnant stomach might be larger and, consequently, acid production might be higher in B-I. On the other hand, the incidence of ileus was higher in the R-Y group in our study. Internal hernia after R-Y has been reported in patients who underwent gastric bypass surgery or LDG [33, 34] . One patient (1.2 %) in our R-Y group had an internal hernia, as compared with no patients in the B-I group. Mesenteric defects, including Petersen's defect, should be closed in LDG, as is done in R-Y gastric bypass surgery [34] . Roux stasis syndrome is characterized by symptoms of upper gut stasis after R-Y gastrojejunostomy and is thought to be caused by an ectopic pacemaker that arises in the proximal part of the Roux limb divided from the natural small bowel pacemaker [35] . However, Roux stasis syndrome was not diagnosed in any of our patients for 5 years after the operation, although two patients (2.4 %) had disturbed food passage associated with an expanding remnant stomach and a bent Roux limb during the early postoperative course. Roux stasis syndrome has been attributed to removal of the vagus nerves and the length of the Roux-Y limb [36, 37] . We decided to use a Roux limb less than 30 cm in length on the basis of the results of previous studies [37] . Endoscopy for the papilla of Vater, or endoscopic retrograde cholangiopancreatography was impossible in R-Y. However, balloon enteroscopy is useful for these examinations [38] . Remnant gastric cancer (RGC) is also an important issue after gastrectomy. Patients in whom reconstruction is performed with B-II procedures at the first operation have the highest risk of RGC. The development of RGC is attributed primarily to duodenogastric reflux and hypochlorhydria [39] . R-Y may decrease the risk of secondary gastric cancer, but further long-term follow up is necessary to reach a definite conclusion on this risk. Low incidences of RGC have been reported after R-Y reconstruction, because B-I or B-II has been the main method employed [39, 40] .
In conclusion, as compared with B-I, R-Y was associated with lower long-term incidences of both bile reflux into the gastric remnant and reflux esophagitis. Late complications and nutritional status did not differ between the R-Y and B-I groups.
